Recent developments in the density dependence of the MIT bag radius and parameters in nuclear matter are discussed. Starting from the MIT bag lagrangian density, the calculations are specialized for symmetric homogeneous isotropic nuclear matter. A simultaneous description of the density dependence of MIT bag model is derived from the Quantum Hadrodynamics and an extended Quark Meson Coupling model. Results are in agreement with those derived from Scaling Model.
Introduction
As it is well known, the Quantum Chromodynamics (QCD) is the most accepted candidate for a theory of strong interactions. Although QCD has been successful in describing the high energy domain, its application seems difficult in the energy range associated to nuclear phenomena. Several QCD-inspired models have been developed to sort up the non-perturbative character of QCD at the nuclear energy range. For instance, there are the so-called bag models. Although these kind of models are made up to describe hadron properties, in general they have a set of parameters which must be fixed in order to reproduce certain specific hadron or nuclear properties. In order to describe hadrons in nuclear medium it is very interesting to known the density dependence of the parameters of the specific model. In this presentation we want to do that for the MIT bag model. In this sence, we have used an extended version of the Quark Meson Coupling model (EQMC). In the present case we assume the validity of the nuclear matter predictions derived from an effective hadronic lagrangian, looking for the implications that this description has for a picture with deals with subnuclear degrees of freedom, like that EQMC.
Formalism
The MIT bag lagrangian density is
where the degrees of freedom are the quark fields q α (x) (up or down), the scalar-isoscalar meson field σ(x) and the vector-isoscalar field ω µ (x).
The bag boundary conditions are used and the Euler-Lagrange eqs. for quarks, and mesons are derived. g q σ and g q ω are the quark-meson coupling constants. The continuity of the fields through the bag surface is assumed. The Mean Field approximation is used, and in this form we have the MIT bag energy
where T µν is the energy momentum tensor, q α ( r, t) is the normalized groundstate quark wave function for a spherical bag of radius R expressed in terms of the y-variable calculated from the boundary conditions for the bag, the bag radius R, the effective quark mass given by m * q = m q − g Always the bag parameters at zero baryon density are calculated to reproduce the experimental nucleon mass M b = 939 MeV. Simultaneously it is required the equilibrium condition for the bag dM b (σ)/dR = 0, evaluated at σ =σ. By using the bag radius at zero baryon density R 0 , and the quark mass m q as free parameters, one can obtain the values shown in reference 1 . In the present case, since the bag is immersed in the nuclear medium, the bag is not isolated, we need calculate the nucleon mass and the bag pressure extracted from the nuclear medium 2,3 , i.e., using the Quantum Hadrodynamics (QHD) 4 . In QHD, nucleons ψ and mesons σ, ω µ , π, b µ are the relevant degrees of freedom. In the simplest version (the so-called QHD-I model) nucleons and only scalar (σ) and vector (ω µ ) neutral mesons are used. We have used the lagrangian density corresponding to the Zimanyi-Moszkowski model (ZM) 5 . We have used the MFA and calculated the effective nucleon mass M * N = M N − V (σ) and the hadronic pressure for uniform nuclear matter P h = − q ω . The stability of the bags in the nuclear medium with respect to volume changes is impossed by P b (σ) = P h (σ), where P b (σ) is the internal pressure generated by the quark dynamics and P h (σ) is the external hadronic pressure. The last equation is a statistical equilibrium condition on the bag surface which ensures a direct relation between nuclear matter bulk properties and the stability of the confining volume. These relations have been used to get the density variation of the bag parameters. They can be expanded in power series and by equating coefficient to coefficient additional relations can be obtained. Since in our approach only the linear contributions have been retained, we have additional equations
for eachσ at a given density. Since the σ-dependence is contained in the bag parameters R, B and z 0 , the hypotesis is equivalent to assume that the derivatives λ = dB/dσ and µ = dz 0 /dσ are constant values.
Results and conclusions
To search for appropriate values of λ and µ we have explored the (λ, µ) plane at zero baryon density. R, B and z 0 at zero baryon density as a function of λ for several values of µ and using the ZM model of QHD. We have selected two sets of values set I (λ = −5.28 fm −3 , µ = −0.50 fm); set II (λ = 0, µ = 1.6 fm) which places the ZM model in the regions I and II, respectively. The bag radius as a function of the density has been calculated. We have compared our results with those obtained by Jin and Jennings 6 . In ref. To conclude, I want to remark that we have studied the coherence of the QHD and QMC descriptions by using the equilibrium conditions for the MIT bag in nuclear matter. The density dependence of the bag parameters and the bag radius have been evaluated by using two dynamical quantities, i.e. the derivatives dB/dσ and dz 0 /dσ, as parameters and we have explored their possible variation range 2,3 . We have found two different dynamical regimes for these parameters. We have chosen the Zimanyi-Moszkowski model to study the EMC effect because it is the more adequate to describe bulk properties of nuclear matter in the MFA. 
